
Vol. 53, No. 1APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Jan. 1987, p. 189-192
0099-2240/87/010189-04$02.00/0
Copyright ©D 1987, American Society for Microbiology

Isolation from Swine Feces of a Bacterium which Decarboxylates
p-Hydroxyphenylacetic Acid to 4-Methylphenol (p-Cresol)t
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An obligate anaerobe has been isolated from swine feces which decarboxylates p-hydroxyphenylacetic acid to
4-methylphenol (p-cresol). The bacterium was an ovoid rod, gram positive, nonsporeforming, and nonmotile.
Lactate and acetate were major end products of glucose fermentation. Based on its characteristics, the
bacterium is tentatively assigned to the genus Lactobacillus.

4-Methylphenol (p-cresol) is produced in the intestinal
tract by the bacterial degradation of tyrosine (12). Two key
reactions appear to be involved: transamination of L-
tyrosine to p-hydroxyphenylacetic acid (pHPAA), followed
by the decarboxylation of pHPAA to 4-methylphenol. The
reactions may be carried out by either a single species or the
interaction of two species. Clostridium difficile strains NCIB
10666 and ATCC 9689 produce 4-methylphenol from tyro-
sine (2, 4). However, other species, such as Proteus vulgaris
(15) and several clostridial species (4), produce pHPAA from
tyrosine but do not decarboxylate it to 4-methylphenol.
There are also species which are capable of decarboxylating
PHPAA to 4-methylphenol, but which do not produce 4-
methylphenol directly from tyrosine (17).
The predominant volatile, phenolic metabolite excreted in

the urine and feces of swine is 4-methylphenol (14, 18).
4-Methylphenol is a major contributor to the characteristic
malodor associated with swine feces and housing facilities
(6, 16), and studies (18) suggest that it may have a growth-
depressing effect in young pigs. Based on radiolabeling
studies with swine feces, 4-methylphenol is produced from
tyrosine via pHPAA, and the process involves more than
one species (14). The present study describes the isolation
and characteristics of a bacterium from swine feces which
produces 4-methylphenol by the decarboxylation of
pHPAA.
Newly weaned pigs (4.5 to 6.8 kg in body weight) were fed

a ground, shelled corn and soybean meal diet, supplemented
with a commercial antibiotic premix (ASP-250; containing
chlortetracycline, sulfamethazine, and penicillin). Freshly
voided feces were collected in presterilized plastic cups. One
gram of feces was inoculated under CO2 into a selective
basal PYG medium and incubated at 39°C. Anaerobic cul-
turing methods used were essentially as described by
Hungate (8), as modified by Bryant (1). The basal PYG
medium used to select for the 4-methylphenol-producing
bacteria consisted of (percent): peptone, 0.5; yeast extract,
1.0; glucose, 0.5; mineral solution no. 1, 8.3; mineral solu-
tion no. 2, 8.3; hemin-menadione solution, 1.0; resazurin
solution, 0.1; 4-methylphenol, 0.2; sodium carbonate solu-
tion, 5.0; and cysteine-sulfide solution, 2.0. The composition
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of mineral solutions 1 and 2 was as previously described (17).
Hemin-menadione and resazurin solutions were prepared by
the Virginia Polytechnic Institute Anaerobe Laboratory
Manual procedures (7). Sodium carbonate and cysteine-
sulfide were prepared as previously described (17) and added
aseptically to the medium after autoclaving. The medium
was autoclaved at 15 lb/in2 for 20 min and dispensed in 18- by
150-mm tubes. 4-Methylphenol was added to the basal PYG
medium on the premise that the 4-methylphenol-producing
bacteria would be more tolerant of its bactericidal effects as
was previously demonstrated at 0.2% for C. difficile (S.
Hafiz, Ph.D. thesis, University of Leeds, Leeds, U.K.,
1974). At this concentration, 4-methylphenol was effective in
facilitating an isolation by eliminating the more sensitive
species and selecting for the 4-methylphenol-producing spe-
cies. All attempts to isolate 4-methylphenol-producing bac-
teria were made on subcultures of the mixed fecal population
maintained on the 0.2% 4-methylphenol-containing medium
with daily transfers. In screening for isolates, pHPAA was
added at 6.6 mM to the selective medium, and the 4-
methylphenol was deleted. The pHPAA was dissolved in 1
ml of 1 N NaOH prior to its addition to the medium.
The anaerobic roll tube technique of Hungate (9) was used

to isolate the 4-methylphenol-producing bacteria. Cultures
were serially diluted 10-fold in anaerobic dilution solution,
containing mineral solutions 1 and 2, hemin, menadione, and
resazurin as described for the basal PYG medium. A 1-ml
portion of the 10-6 to 10-10 dilutions was inoculated into
triplicate roll tubes of the selective medium containing 2%
agar and incubated at 39°C. Well-isolated colonies formed
after 3 to 5 days were picked under CO2 and transferred to
the basal PYG medium containing 6.6 mM pHPAA. After 24
h of incubation at 39°C, the isolates were subcultured into
fresh basal PYG medium, and the spent cultures were
analyzed for 4-methylphenol production by gas-liquid chro-
matography (17). This procedure was repeated on 4-
methylphenol-positive cultures until all of the colonies in
subsequent roll tubes were similar in morphological type and
microscopic examination showed that the cultures were pure
in three consecutive subcultures.
A 4-methylphenol-producing isolate was obtained from a

10-6 dilution roll tube and was found to be a gram-positive,
nonmotile, and nonsporeforming ovoid rod (0.8 by 0.6 ,um).
It occurred predominantly as a diploid (Fig. 1), but formed
short chains of 4 to 12 cells. In older cultures, the bacterium
formed a phlegmlike sediment which adhered to the sides
and bottom of the tube. Surface colonies in roll tubes were
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FIG. 1. Scanning electron photomicrograph of the p-cresol-
producing bacterium isolated from swine feces. The bacterium was
grown in basal PYG medium for 24 h at 39°C. Magnification,
x 30,000.

white to opaque in color and round with entire edges. Deep
colonies embedded in the agar were lenticular in shape and
about 1 mm in diameter after 1 week of incubation. Efforts to
isolate other 4-methylphenol-producing bacteria, either di-
rectly from serially diluted feces or by the selective enrich-
ment procedure, were unsuccessful. The 4-methylphenol-
producing isolate was maintained in 2% agar slants of a
modified (17) MRS lactobacillus medium (3) held at 4°C, with
monthly transfers.
The occurrence of the 4-methylphenol-producing bacte-

rium in swine feces was estimated by the most-probable-
number technique (5). Freshly voided feces from eight
weanling pigs were serially diluted 10-fold in anaerobic
dilution solution. A 1-ml amount of the dilutions was then
inoculated into triplicate tubes of the basal PYG medium
containing 13.1 mM pHPAA, but no glucose. Incubation was
for 48 h at 39°C. Most probable number was estimated from
the 4-methylphenol concentrations in the dilution tubes
compared with control tubes with no pHPAA added. The
occurrence of the bacterium was 0.05 x 107 per g of feces.
The media for the nutritional and biochemical character-

ization tests were prepared as described in the Virginia
Polytechnic Institute Anaerobe Laboratory Manual (7). The
bacterium fermented and grew on a wide variety of carbo-
hydrate substrates, including glucose, fructose, maltose,
mannose, rhamnose, salicin, sucrose, and xylose. It would
not ferment adonitol, amygdalin, arabinose, cellobiose,
erythitol, glycogen, myo-inositol, inulin, lactose, D-
mannitol, D-melibiose, melizitose, D-(+)-raffinose, D-ribose,
D-sorbitol, trehalose, galactose, and starch. Tests were

negative for catalase, gelatin liquefaction, ammonia produc-
tion, hemolysis, indole, and litmus milk. Nitrate reduction
and chopped-meat broth tests were weakly positive. Tween
80 stimulated the growth of the bacterium and was added at
0.1% to all subsequent medium preparations. Neither clari-
fied swine fecal extract nor clarified rumen fluid at 20% was

stimulatory for growth of the bacterium. Growth occurred at
39°C, weakly at 30°C, and not at all at 45°C. The bacterium
failed to grow if the resazurin was oxidized. Optimum
growth was obtained when the pH was 5.0 to 5.5. Major end
products of glucose fermentation were lactate and acetate at

64.8 and 35.2 mol%, respectively. Trace amounts of ethanol
and formate were also detected, with no gas production.

4-Methylphenol was not produced when the bacterium
was grown in the basal PYG medium. However, when the
medium contained 6.6 mM pHPAA, a strong odor charac-
teristic of 4-methylphenol was detected in cultures after 24 h.
Analysis of the ether extract of cultures by thin-layer chro-
matography (13) yielded a metabolite with the same Rf value
(0.71) and color reaction (pink) as 4-methylphenol. A peak
with the same relative retention time as 4-methylphenol was
also detected with gas-liquid chromatography. When chal-
lenged with increasing amounts of pHPAA, the bacterium
produced up to 37 mM 4-methylphenol with a yield of 76
mol% in 24 h.
The specificity of the decarboxylation reaction was tested

with various substrates, and metabolites produced were
identified by gas-liquid and thin-layer chromatography (13,
17). 4-Methylphenol was not produced from L-tyrosine by
the bacterium, and neither phenylalanine nor tryptophan
was degraded. Although pHPAA was decarboxylated to
4-methylphenol, neither m-hydroxyphenylacetic acid nor
o-hydroxyphenylacetic acid was decarboxylated to its cor-
responding isomer. This suggested that a hydroxyl group in
the para position was essential for the decarboxylation
reaction. If the para hydroxyl group was substituted with
either a fluoro or a nitro group (i.e., p-fluorophenylacetic
acid, p-nitrophenylacetic acid, o-nitrophenylactic acid), or if
the para hydroxyl group was removed (i.e., phenylacetic
acid), no decarboxylation occurred. The bacterium also
would not decarboxylate indoleacetic acid to 3-methyl-
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FIG. 2. Effect of pHPAA on growth of the p-cresol-producing

bacterium. The bacterium was inoculated into basal PYG medium
under the following conditions: no pHPAA (0); pHPAA, 21.9 mM
(A); no pHPAA, no glucose (0); pHPAA, 21.9 mM, no glucose (A).
Incubation was for 24 h at 39°C. Values are the means of triplicate
cultures.
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indole. Of the compounds examined, 3,4-dihydroxyphenyl-
acetic acid was the only other compound decarboxylated.
Analysis by thin-layer chromatography showed that the
bacterium produced methylcatechol from 3,4-dihydroxyphe-
nylacetic acid. Neither 2,5-dihydroxyphenylacetic acid nor
3,4-dimethoxyphenylacetic acid was decarboxylated. It ap-
peared from these results that a hydroxyl group in the 3
position of the phenolic ring did not hinder the decarboxyla-
tion, but hydroxyl groups in the 2 and 5 positions and
methoxyl groups in the 3 and 4 positions would not substi-
tute for a para hydroxyl group.
pHPAA was not essential for growth of the bacterium and

did not serve as the sole source of energy when substituted
for glucose in the medium (Fig. 2). Although the data
suggested that pHPAA might be stimulatory for growth
when added to the basal PYG medium, an increased growth
rate was not always observed. What was consistently dem-
onstrated with the addition of pHPAA was a decrease in the
optical density of cultures during early stationary phase (Fig.
2). The 4-methylphenol concentrations were quite high by 16
h of incubation, and the decrease in optical density could be
explained by a toxic effect on the bacterium.
When inoculated into medium containing a low concen-

tration of pHPAA (1.1 mM), but no glucose, the bacterium
produced 4-methylphenol in the absence of growth (Fig. 3).
4-Methylphenol was detected in resting cultures within 4 h
after inoculation, and its concentration was observed to
increase until a plateau was reached after 8 h. About 90% of
the added pHPAA was decarboxylated to 4-methylphenol by
resting cultures. In contrast, when glucose was added to the
medium, a noticeable lag was observed in 4-methylphenol
production, with virtually no p-cresol detected by 4 h of
incubation. However, as the growth of the bacterium en-
sued, the concentration of p-cresol rapidly increased until 8
h of incubation and then plateaued out to 24 h. About 86% of
the added pHPAA was decarboxylated to 4-methylphenol by
growing cultures.
The physiological significance of 4-methylphenol produc-

tion to the bacterium is unclear. The free-energy change of
the decarboxylation reaction is too low to support growth,
but the high decarboxylase activity observed when pHPAA
is provided suggests that the reaction is metabolically impor-
tant to the bacterium. The site of intestinal colonization of
the bacterium, based on the 4-methylphenol concentration of
intestinal contents, is reported to be the cecum and colon;
however, some 4-methylphenol is also detected in the stom-
ach and small intestine (19).
Based on its physiological, biochemical, and metabolic

characteristics, the 4-methylphenol-producing bacterium ap-
pears to belong in the genus Lactobacillus. Morphologically,
the bacterium resembles the genus Eubacterium, but there is
no gas production, and it does not produce any ammonia,
propionate, or butyrate. The high lactate/acetate molar ratio
of the isolate is also inconsistent with Eubacterium. The
bacterium does not resemble the genus Streptococcus or
Bifidobacterium in terms of morphology, carbohydrates fer-
mented, and end products produced. Several Lactobacillus
species (L. acidophilus, L. leichmanii, L. delbrueckii, L.
plantarum, L. brevis, L. minutis, and L. fermentus) have
been isolated from the intestinal tract of swine (10, 11). The
present isolate, however, does not resemble any of these
species, and there is no report that they will produce
4-methylphenol. The 4-methylphenol-producing isolate may
be a new species of Lactobacillus, but a formal designation
should await the isolation of other strains from the intestinal
tract.
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mM), with and without the addition of glucose. The bacterium was
inoculated into 30 ml of the basal PYG medium, and 1 ml of culture
was removed under CO. at 4-h intervals for analysis. Symbols:
growth curve with no glucose added (A); growth curve with glucose
added (0); p-cresol concentration with no glucose added (A);
p-cresol concentration with glucose added (0). Incubation was for
24 h at 39°C.

This research was partially supported by Michigan Agricultural
Experiment Station project 1244, U.S. Department of Agriculture
Science and Education Administration grant 59-2261-1-2-031-0, and
the National Pork Producers Council, Des Moines, Iowa.
We thank E. R. Miller and I. 6. Lumanta for assistance with the

animals and S. L. Flegler for the scanning electron microscopy.

LITERATURE CITED

1. Bryant, M. P. 1972. Commentary on the Hungate technique for
culture of anaerobic bacteria. Am. J. Clin. Nutr. 25:1324-1328.

2. D'Ari, L., and H. A. Barker. 1985. P-Cresol formation by
cell-free extracts of Clostridium difficile. Arch. Microbiol. 143:
311-312.

3. deMan, J. C., M. Rogosa, and M. E. Sharpe. 1960. A medium for
the cultivation of lactobacilli. J. Appl. Bacteriol. 23:130-135.

4. Elsden, S. R., M. G. Hilton, and J. M. Waller. 1976. The end
products of the metabolism of aromatic amino acids by
clostridia. Arch. Microbiol. 107:283-288.

5. Gerhardt, P., R. G. E. Murray, R. N. Costilow, E. W. Nester,
W. A. Wood, N. R. Krieg, and G. B. Phillips (ed.). 1981. Manual
of methods for general bacteriology. American Society for
Microbiology, Washington, D.C.

6. Hartung, J., and E. Rokicki. 1984. The occurrence of phenolic
compounds in the dust of pig and hen houses. Zentralbl.
Bakteriol. Parasitenkd. Infektionskr. Hyg. Abt. 1 Orig. Reihe B
179:431-439.

7. Holdeman, L., E. P. Cato, and W. E. C. Moore (ed.). 1977.
Anaerobe laboratory manual. Virginia Polytechnic Institute and
State University, Blacksburg.

8. Hungate, R. E. 1950. The anaerobic mesophilic cellulolytic
bacteria. Bacteriol. Rev. 14:149.

9. Hungate, R.E. 1970.A roll tube method for cultivation of strict
anaerobes, p. 117-132. In J. R. Norrisand D. W. Ribbons (ed.),
Methods in microbiology, vol. 3. Academic Press, Inc., New
York.

10. Robinson, I. M., M. J. Allison, and J. A. Bucklin. 1981.

VOL. 53, 1987



APPL. ENVIRON. MICROBIOL.

Characterization of the cecal bacteria of normal pigs. Appl.
Environ. Microbiol. 41:950-955.

11. Russell, E. G. 1979. Types and distribution of anaerobic bacteria
in the large intestine of pigs. Appl. Environ. Microbiol.
37:187-193.

12. Scheline, R. R. 1968. Metabolism of phenolic acids by the rat
intestinal microflora. Acta Pharmacol. Toxicol. 26:189-205.

13. Seakins, J. W. T., and I. Smith. 1976. Phenolic acids, p.

218-243. In I. Smith and J. W. T. Seakins (ed.), Chromato-
graphic and electrophoretic techniques, 4th ed., vol. 1. William
Heinemann Medical Books Ltd., London.

14. Spoelstra, S. F. 1978. Degradation of tyrosine in anaerobically
stored piggery wastes and in pig feces. Appl. Environ. Micro-
biol. 36:631-638.

15. Tanaka, T. 1965. The decomposition of L-tyrosine and its
derivatives by Proteus vulgaris (2). Production of p-

hydroxyphenylacetic acid, p-hydroxybenzaldehyde and mela-
nin from tyrosine. Bull. Pharm. Res. Instit. (Osaka) 59:1-10.

16. Yasuhara, A., K. Fuwa, and M. Jimbu. 1982. Variation in
concentration of odorous components of pig feces with growth.
Agric. Biol. Chem. 46:1381-1383.

17. Yokoyama, M. T., and J. R. Carlson. 1981. Production of
skatole and para-cresol by a rumen Lactobacillus sp. Appl.
Environ. Microbiol. 41:71-76.

18. Yokoyama, M. T., C. Tabori, E. R. Miller, and M. G. Hogberg.
1982. The effects of antibiotics in the weanling pig diet on
growth and the excretion of volatile phenolic and aromatic
bacterial metabolites. Am. J. Clin. Nutr. 35:1417-1424.

19. Yoshihara, I. 1979. Simultaneous gas chromatographic
microdetermination of indole, skatole and p-cresol in gastroin-
testinal contents of domestic animals. Agric. Biol. Chem. 43:
1985-1987.

192 NOTES


